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metal center, as has been shown recently for a cationic tungsten complex. 16 A pyrrolenine donor is likely to bind more strongly to a cationic metal center than the aniline formed upon protonation of an amido ligand. Consequently, protonation of a pyrrolyl ligand may yield a relatively stable cationic species. Therefore we felt that a catalyst that contains a diamidopyrrolyl ligand could turn out to be a more stable catalyst for dinitrogen reduction, assuming that all other requirements are met. We report here efforts to prepare complexes that contain diamidopyrrolyl ligands and that function as catalysts for reduction of dinitrogen to ammonia. (1) An emerald green solution forms rapidly upon mixing solutions of H 3 [(C 6 F 5 N) 2 Pyr] and Mo(NMe 2 ) 4 at room temperature, and green, crystalline, essentially diamagnetic [(C 6 F 5 N) 2 [(C 6 F 5 N) 2 Pyr]Mo(NMe 2 ) + Mo(NMe 2 ) 4 , -3Me 2 NH (2) The chemical shift of the dimethylamido protons in the proton NMR spectrum of [(C 6 F 5 N) 2 20 and which is consistent with a rapid interconversion of diamagnetic (S = 0) and paramagnetic (S = 1) forms. 21 The changes in the chemical shifts of the dimethylamido protons in [TMSN 3 N]Mo(NMe 2 ) (~9 ppm from 180 to 304 K) and [C 6 F 5 N 3 N]Mo(NMe 2 ) (~2.8 ppm from 259 -367 K) are larger than in [(C 6 F 5 N) 2 Pyr]Mo(NMe 2 ) (0.12 ppm from 233 -302 K; see Figure S1 in the Supporting Information). If we assume that the temperature dependent chemical shifts are a consequence of interconversion of high spin and low spin forms, then ∆H° is calculated to be 27(15) kJ mol -1 ;
RESULTS

Synthesis of diamidopyrrolyl complexes in which Ar
although ∆H° for [(C 6 F 5 N) 2 Pyr]Mo(NMe 2 ) cannot be calculated accurately, the energy difference between the high and low spin states of [(C 6 F 5 N) 2 Pyr]Mo(NMe 2 ) clearly is much greater than that in [TMSN 3 N]Mo(NMe 2 ) (∆H° = 9.9(1.3) kJ mol -1 ) or [C 6 F 5 Addition of LiN(TMS) 2 to a mixture of H 3 [(C 6 F 5 N) 2 Pyr] and MoCl 4 (THF) 2 in THF results in a rapid color change from red-orange to magenta. Paramagnetic reddish-pink [(C 6 F 5 N) 2 Pyr]MoCl can be isolated from the mixture in 42% yield (equation 3). The solid-state structure of [(C 6 F 5 N) 2 A reaction between [(C 6 F 5 N) 2 Pyr]MoCl and AgOTf led to formation of paramagnetic, orange [(C 6 F 5 N) 2 Pyr] MoOTf in approximately 40% yield, while a reaction between [(C 6 F 5 N) 2 Pyr]MoCl and NaN 3 in acetonitrile at 70 ºC over a period of 72 hours led to formation of yellow, diamagnetic [(C 6 F 5 N) 2 2 Pyr]Mo complexes since we felt that the greater steric hindrance afforded by the t-butyl groups was the more desirable of the two alternatives. Unfortunately, although we could synthesize a diamidopyrrolyl ligand in which Ar = HIPT and Ar' = 2,4,6-triisopropylphenyl ( Figure 2 ), which we believed would have the maximum chance of being sufficiently bulky to protect the metal (see Experimental Section), reactions analogous to those described for synthesizing [(Ar t-Bu N) 2 Pyr] 3-complexes described below led only to products that could not be isolated through crystallization.
Addition of H 3 [(Ar t-Bu N) 2 Pyr] to Mo(NMe 2 ) 4 yielded teal blue, essentially diamagnetic [(Ar t-Bu N) 2 Pyr]Mo(NMe 2 ) in 77% yield. Its diamagnetism is consistent with the S = 0 ground state that is a consequence of Mo-N amido π bonding. We propose that its structure is analogous to that shown in Figure 3 for the pentafluorophenyl analog. If we assume that the temperature dependent chemical shifts are a consequence of interconversion of high spin and low spin forms, then ∆H° is calculated to be 37(10) kJ mol -1 , which is of the same magnitude as ∆H° for [(C 6 F 5 N) 2 Pyr]Mo(NMe 2 ) (27(15) kJ mol -1 ). Therefore it appears that ∆H° is generally smaller in recrystallization of the crude product from a mixture of pentane and toluene.
[(Ar t-Bu N) 2 [(Ar t-Bu N) 2 It is unfortunate that complexes that contain a diamidopyrrolyl ligand in which Ar is HIPT and Ar' is 2,4,6-i-Pr 3 C 6 H 2 ( Figure 2 ) proved too soluble to isolate. It still seems possible that catalytic turnover could be observed in the right steric circumstances. Whether such a diamidopyrrolyl ligand could produce a more efficient catalyst of course is unknown.
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Experimental Section.
General. All air and moisture sensitive compounds were handled under N 2 atmosphere using standard Schlenk and glove-box techniques, with flame or oven-dried glassware. Ether, pentane and toluene were purged with nitrogen and passed through activated alumina columns. 12N) . THF (1 mL) was added to the formaldehyde mixture, which was then transferred to the 40 mL scintillation vial.
To the vial was added THF (2 mL) and isopropanol (2 mL). The mixture was stirred for 20 minutes and the reaction mixture added to a vial charged with 2-mesitylpyrrole (0.807 g, 4.4 mmol). The mixture was stirred at room temperature for 16 hours, then washed with 10% KOH solution (40 mL), and extracted with diethyl ether. The extract was dried over Na 2 SO 4 , the volatiles were removed in vacuo, and the residue was purified by column chromatography using 148.05, 138.70, 137.67, 131.784, 130.223, 128.827, 128.68, 128.29, 112.57, 109.39, 108.94, 108.45, 53.46, 52.33, 42.62, 35.35, 32.15 6, 149.1, 129.4, 128.7, 128.3, 120.6, 108.7, 108.3, 56.8, 45.0, 34.6, 30.7, 24.7, 24. 6, 149.2, 133.6, 127.5, 120.8, 116.9, 114.8, 110.4, 62.4, 52.4, 34.5, 30.9, 25.1, 24.3, 24.2 5, 147.6, 147.3, 146.5, 141.6, 137.5, 129.0, 128.8, 126.9, 121.5, 120.7, 120.5, 112.5, 109.2, 108.4, 52.7, 51.1, 41.6, 34.6, 30.8, 30.4, 24.7, 24.4, 24.3, 24.2 C, 70.82; H, 8.79; N, 8.60. Found: C, 70.47; H, 8.41; N, 8.46 . 2 Pyr]MoCl (622.5 mg, 0.77 mmol), NaBPh 4 (290.9 mg, 0.85 mmol) and PhF (15 mL). The bulb was brought out of the glovebox, and freeze-pump-thaw degassed three times. Anhydrous NH 3 (100 mL, 1 atm) which was dried over Na was vacuum transferred into the degassed solvent bulb with the reaction mixture. The mixture immediately changed from orange-red to burgundy. The reaction was stirred for 12 hours at RT. The bulb was brought back into the glovebox and the volatiles removed in vacuo. The residue was extracted with toluene and filtered through Celite. The filtrate was cooled to -35 °C overnight, then filtered through a glass frit to remove a dark reddish solid. The volume of the resulting yellow-brown filtrate was decreased to 5 mL and pentane (15 mL) was added to precipitate a yellow brown solid. The mixture was chilled to -35°C for 1h and then filtered through a glass frit to collect the paramagnetic yellow solid; yield 268 mg ( benzene. Outside the glovebox, the bulb was freeze-pump-thaw degassed three times, and then CO (1 atm, 100 mL) was vac-transferred into this bulb from another bulb kept at -78 °C (to freeze out water vapor that may be present in the CO gas). The mixture was warmed to RT and stirred over 12 hours. The reaction mixture was brought back into the N 2 atmosphere glovebox whereby benzene was removed in vacuo and toluene added to the residue. [(Ar t-Bu N) 2 Pyr]Mo(N 2 ) 0/-couple
[(Ar
